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Background
Water pollution negatively impacts the environment and human population. The problem
persists despite various mitigation efforts, strategies, and the implementation of regulatory
requirements. It is estimated that Californians dispose of approximately 40 million tons of
consumer items and waste materials annually (California Department of Resource Recycling and
Recovery, 2019). As the population increases, it is expected that negative impacts of trash on the
environment will be exacerbated. To address this, municipalities in California apply various
methods to reduce trash before it enters ocean waters.
The primary vehicle for urban trash pollutants to reach ocean waters is through storm
water conveyance systems. This infrastructure resides below or above ground level and may be
open to the atmosphere. While government agencies across California employ strategies to
intercept trash from these conveyance systems, the Environmental Protection Agency (EPA) has
established a framework of requirements to abide by when managing stormwater discharge (US
Environmental Protection Agency, 2021). In response, government agencies use a variety of
methods to comply with the requirements. One method is through the implementation of trash
capture devices (TCDs) at the point of entry into the stormwater conveyance systems. The City of
Milpitas has employed these devices since 2017 as part of their trash pollutant reduction strategy
and has 262 units in operation (Santa Clara Valley Urban Runoff Pollution Prevention Program,
2022a).
This research is intended to evaluate the performance of the TCD program as
implemented by the City of Milpitas, as part of their obligation to fulfill regulatory requirements
and enhance environmental quality. This research is not intended to dissect performance at a
granular level nor prescribe one TCD design as superior to others. It is intended to measure the
overall program performance, as designed, and allow for policy makers to possess a collection of
6

outcome data. The program will be measured by benchmarking performance against peers
operating in Santa Clara County under the same permit umbrella. Accomplishing this goal
requires analyzing a collection of data from municipalities reported to a regulatory body. The
information contained herein provides policy makers with an additional tool to evaluate and
consider as they develop their own programs related to trash capture from storm drains.

City of Milpitas
The City of Milpitas was incorporated in 1954 and has jurisdiction over 8,640 acres (Santa
Clara Valley Urban Runoff Pollution Prevention Program, 2014). In 2020 it had a population of
80,273 and encompassed 13.6 square miles. The median household income is $137,000 and the
median age is 35.4 years (US Department of Commerce, 2020).
Milpitas is home to various businesses operating in sectors such as technology, retail,
manufacturing, personal care, and food services. In general, both the technology and
manufacturing sectors perform waste management well, according to trash generation maps of the
city (see Appendix A). The technology sector operates with a high degree of resources and sound
waste handling practices. Businesses typically perform parking lot cleaning operations and host
trash receptacles for employees and visitors alike. Retail operations and food service centers face
challenges because they often do not have adequate resources for waste disposal. This results in
receptacles overflowing, and parking lots littered with uncollected trash, resulting in potential
health impacts. Milpitas is surrounded by freeways and roads owned by the State of California
and managed by the California Department of Transportation (Caltrans). These corridors
significantly contribute to the trash and debris accumulation in roadways and on the land.
The City of Milpitas recognizes seven land use types, including industrial, residential,
retail, urban parks and open space, K-12 schools, commercial, and services (Santa Clara Valley
7

Urban Runoff Pollution Prevention Program, 2014a). The figure below displays the percentages
of jurisdictional area by land use type.
Figure 1: City of Milpitas land use categories

Source: (Santa Clara Valley Urban Runoff Pollution Prevention Program, 2014b)
The origination of trash in Milpitas is from a variety of sources. It has the potential to
discharge into San Francisco Bay waters through different paths of travel. Trash pollution may
originate from illegal dumping, high traffic areas, public or private events with large numbers of
attendees, and retail establishments. Trash and debris can also be dispersed from private or
commercial vehicles failing to properly secure their loads. The three primary modes for trash
pollution to reach bay waters are through wind conveyance, dumping directly at a shoreline, or
through storm drain systems carrying stormwater.
All Milpitas storm drainage collection systems discharge into one of the county’s largest
creeks, Coyote Creek (see Appendix A). This is accomplished by pump stations or from gravity
fed flows. The City of Milpitas has developed a comprehensive program to reduce stormwater
trash pollution in response to the regulatory requirements and for the promotion of a healthy and
safe environment (Santa Clara Valley Urban Runoff Pollution Prevention Program, 2014b).
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Appendix A identifies the city’s highest trash pollution generation sites and locations of TCDs.
Figure 2 below identifies the conveyance patterns for most trash items.
Figure 2: Trash sources categories and transport pathways to urban creeks

Source: (Santa Clara Valley Urban Runoff Pollution Prevention Program, 2014b)
Water Pollution Regulatory History
The history of water management in California is a complicated affair, starting when it
first achieved statehood. The state boasts one of the most diverse climates and geographies in the
world. Biologically, it is equally diverse. “California is the most biodiverse state in the U.S. and
one of the most biodiverse regions of the world” (California Department of Fish and Wildlife,
2020, n.p.). With a naturally abundant environment, the state has historically been sought after for
settlement. When the Gold Rush sparked a frenzy of miners settling in 1849, it created what
would form the basis of water law in California. A miner, or entity, that asserted control over a
geographic area could “claim” it as their own and for proprietary use (California Water Boards,
2020a). “The first in time, first in right principal became an important feature of modern water
right law” (California Water Boards, 2020a, n.p.).
9

Decades of litigation, drought, flooding, and expanded water management activity
occurred before negative environmental impacts caused by these events were formally
recognized. The 1899 Rivers and Harbors Appropriations Act was the nation’s first formal
legislation recognizing the discharge of pollutants into waterways (US Environmental Protection
Agency, 2022a). Recognized as the nation’s first environmental law, the legislation stated,
It shall not be lawful to throw, discharge, or deposit, or cause, suffer, or procure to
be thrown, discharged, or deposited either from or out of any ship, barge, or other
floating craft of any kind, or from the shore, wharf, manufacturing establishment,
or mill of any kind, any refuse matter of any kind or description whatever other
than that flowing from streets and sewers and passing therefrom in a liquid state,
into any navigable water of the US, or into any tributary of any navigable water
from which the same shall float or be washed into such navigable water (Franz,
2010, p. 255).
Although the legislation was intended to prevent the disposal of refuse in waterways, it was not
enacted as a method to protect the environment. Its primary objective was to preserve waterway
navigation, as this was a major transportation mode for goods, livestock, and people. It would
take an additional 50 years before legislation directed at curbing water pollution was realized.
The federal Water Pollution Control Act of 1948 was the first legislation solely aimed at
water protection (US Environmental Protection Agency, 2002). Section 101(a) of the legislation
states that, “the objective of this Act is to restore and maintain the chemical, physical, and
biological integrity of the Nation’s waters” (US Environmental Protection Agency, 2002, n.p.). At
the time, water pollution was an enormous concern to political leaders, as industrial discharges
and raw sewage flowed unabated into open waterways around the country. Ultimately, the Act
10

provided little relief because it lacked any requirements targeting pollution discharge reductions.
What it did accomplish was national recognition of an ever-increasing issue- water pollution which began gaining public support for abatement. Although this legislation was not successful at
improving environmental conditions, it became the nexus for future legislation of its kind.
As the governmental apparatus struggled to address environmental concerns, it was
experiencing, “outbreaks of water-borne diseases, degradation of fishing and recreational waters,
coupled with rapid war-time industrial development and population growth” (California Water
Boards, 2018, n.p.). At the state level, leaders recognized that their respective water management
strategies were unsustainable. This dilemma culminated in California passing its own legislation
to address water pollution by creating administrative branches empowered with sweeping
authority. The Dickey Water Pollution Control Act of 1949, “established nine Regional Water
Pollution Control Boards located in each of the major California watersheds” (California Water
Boards, 2018, n.p.).
Region Two encompasses the San Francisco Bay Area. In 1967, the board’s name was
formally changed to the California State Water Resources Control Board (SWRCB). In its
entirety, the SWRCB is currently responsible for water quality in:
•

1,600,000 acres of lakes

•

1,300,000 acres of bays and estuaries

•

211,000 miles of rivers and streams

•

1,100 miles of coastal area (California Water Boards, 2022, n.p.).

The Porter-Cologne Water Quality Control Act of 1969 is hailed as a landmark piece of
environmental legislation in California for its depth and delegation of administrative authority.
“The Porter-Cologne Act is recognized as one of the nation's strongest pieces of anti-pollution
legislation and was so influential that Congressional authors used sections of the Act as the basis
11

for the Federal Clean Water Act Amendments in 1972” (California Water Boards, 2018, n.p.).
The 1972 Clean Water Act (CWA) Amendments to the federal legislation resulted in regulatory
law that closely resembles provisions described by the Porter-Cologne Act. “The CWA
establishes the basic structure for regulating discharges of pollutants into the waters of the US and
regulating quality standards for surface waters” (US Environmental Protection Agency, 2020,
n.p.). The Act resulted in a myriad of administrative components geared towards pollution control
and water quality programs. Most importantly, “The CWA made it unlawful to discharge any
pollutant from a point source into navigable waters, unless a permit was obtained” (US
Environmental Protection Agency, 2020, n.p.). Several amendments have occurred to the CWA
of 1972, but one applicable to this research transpired in 2000. “The Beaches Environmental
Assessment Coastal Health Act is legislation aimed at addressing the problem of pathogens and
pathogen indicators in coastal waters” (Dorsey, 2009, p. 95). The intent of the amendment is to
diminish the likelihood of recreational users contracting disease from coastal waters (US
Environmental Protection Agency, 2017). This legislation alone contributed greatly to public
awareness of water pollution originating from storm drain systems.
The National Pollutant Discharge Elimination System (NPDES) was created by the US
Environmental Protection Agency (EPA) as a mechanism to reduce pollution in water defined as
navigable waters, oceans out to 200 miles, interstate waters, and tributaries to navigable waters
(US Environmental Protection Agency, 2020). The CWA grants authority to state governments to
administer and permit independent programs (Environmental Protection Agency, 2020). The
regulatory requirements are described in Title 40 of the CFR at Part 122 - EPA Administered
Permit Programs: The National Pollutant Discharge Elimination System (Environmental
Protection Agency, 2020). While the CWA initially focused solely on point source pollutants, it
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was expanded in 1987 to include nonpoint source pollution. Non-point pollution sources are
defined as those which do not meet the definition of a regulated point source (City of Milpitas,
2005). An example is land runoff that originates from precipitation. The 1987 CWA amendments
defined five stormwater pollution categories that have the potential for the largest sources of
pollutants (Environmental Protection Agency, 2020). Two of these include:
•

Large municipal separate storm drain systems with a population of greater than
250,000

•

Medium population municipal sewer storm drains with a population greater than
100,000 and less than 250,000 (Environmental Protection Agency, 2020).

The nine regional water quality control boards created by the Dickey Water Pollution
Control Act became the impetus for NPDES administration enforcement in California. Regional
municipalities operate collectively under the jurisdiction of an NPDES permit known as the
Municipal Regional Permit (MRP) (Environmental Protection Agency, 2020). The MRP strives to
provide regulatory uniformity over multiple jurisdictions in a regional area and has set trash load
reduction benchmark standards for SF Bay Area cities and counties (Santa Clara Valley Urban
Runoff Pollution Prevention Program, 2022b). Permittees are required to develop their own
individual Stormwater Management Plan (SMP). The SMP is subject to approval by their
Regional Water Quality Control Board. Once approved, the entity operating under the permit
umbrella is required to administer the provisions described within in their plan.
In 1990, the San Francisco Bay Regional Water Quality Control Board issued its first
NPDES permit for the region (Environmental Protection Agency, 2020). Over the course of the
next two decades it was re-issued and amended several times. The MRP regulates the discharge
of stormwater from, “a total of 76 municipalities and local agencies in Alameda, Contra Costa,
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San Mateo, and Santa Clara Counties, and the cities of Fairfield, Suisun City, and Vallejo”
(scvurppp.org, 2022b, n.p.). Operating under its purview, agencies are required to follow all
provisions of the permit and provide reporting mechanisms to ensure compliance.
Santa Clara Valley Urban Runoff Pollution Prevention Program
The Santa Clara Valley Urban Runoff Pollution Prevention Program is an association of
thirteen cities and towns in Santa Clara County (Santa Clara Valley Urban Runoff Pollution
Prevention Program, 2022b). Under a cost sharing formula, the program is organized, coordinated
and implemented in accordance with a Memorandum of Agreement (MOA) signed by the copermittees. This program facilitates the execution of the MRP provisions by all co-permittees and
ensures that the regulatory requirements are followed. The program is responsible for producing
the final permit’s required reports at the end of each fiscal year.
The MRP is divided into many sections, each representing different regulatory required
functions or efforts. The Annual Report supplied by each permittee agency is divided
categorically into thirteen areas:
•

Section 1- Permittee Information

•

Section 2- Provision C.2 Municipal Operations

•

Section 3- Provision C.3 New Development and Redevelopment

•

Section 4- Provision C.4 Industrial and Commercial Site Controls

•

Section 5- Provision C.5 Illicit Discharge Detection and Elimination

•

Section 6- Provision C.6 Construction Site Control

•

Section 7- Provision C.7 Public Information and Outreach

•

Section 8- Provision C.8 Water Quality Monitoring
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•

Section 9- Provision C.9 Pesticides Toxicity Control

•

Section 10- Provision C.10 Trash Controls

•

Section 11- Provision C.11/12 Mercury and PCBs Controls

•

Section 12- Provision C.13 Copper Controls

•

Section 13- Provision C.15 Exempted and Conditionally Exempted Discharges
(Santa Clara Valley Urban Runoff Pollution Prevention Program, 2022a, n.p.).

Sections two and ten are most applicable to this research. Section C.2 specifies the best
management practices (BMP’s), “during operation, inspection and routine repair and maintenance
of municipal facilities and infrastructure to control and reduce non-stormwater discharges and
polluted stormwater to storm drains and watercourses” (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022a, n.p.). Section C.10, “requires Permittees to maintain, and
provide for inspection and review upon request, documentation of the design, operation, and
maintenance of full trash capture systems. The provision identifies specific maintenance activities
to ensure that devices are operated and maintained to meet full trash capture system
requirements” (Santa Clara Valley Urban Runoff Pollution Prevention Program, 2022a, n.p.). The
provisions of Section C.10 are intended to reduce trash loads from stormwater conveyance
systems into local waterways. The MRP has established target thresholds to allow for agencies to
implement equipment to meet these goals. “Trash generation is defined as the amount (volume) of
trash entering the stormwater conveyance system over time per unit of land area (City of Milpitas,
2017, p. 8). “Trash generation rates do not consider any pollution control measures that intercept
trash prior to conveyance and are expressed as trash volume/acre/year” (Town of Colma, 2014, p.
4). In 2014, the Bay Area Stormwater Management Agencies Association (BASMAA) released a
technical report which defined methods designed to calculate trash generation rates. The study
15

focused on 159 storm drain inlet trash collection sites throughout the Bay Area where data was
collected between 2010 and 2011. Trash and debris extracted from the TCD’s was sorted into
various categories (Bay Area Stormwater Management Agencies Association, 2014). Figure 3
below identifies the categories and associated descriptions:
Figure 3: Land use and household median income categories used to form monitoring strata
Main Categories
Plastic

Subcategories
Recyclable beverage
containers
Single‐use plastic
grocery bags
Polystyrene foam
food ware

Other plastic
materials/items
Paper

NA

Metal
Miscellaneous
Trash

NA
NA

Debris

NA

Description and Examples
Recyclable beverage containers labeled with a California Redemption
Value (CRV). Includes all plastic and glass redeemable water, soda and
juice bottles.
Includes all single use plastic bags that have handles and are typically
distributed at point‐of‐sale. Single use plastic bags used to distribute or
hold produce, newspapers, sandwiches and parking tickets were not
included in this category.
Expanded polystyrene foam food and beverage ware includes all
disposable containers, bowls, plates, trays, cartons, cups, and other items
made of expanded polystyrene designated for one‐time use for prepared
foods. Food and beverage ware and include service ware distributed for
takeout foods and leftovers from partially consumed meals prepared by
food providers.
Includes all other trash items made of any form of plastic, including but
not limited to food and candy packaging, straws, lids, and bottle tops.
Includes hard plastic and plastic film.
Any item made of paper, including but not limited to newspaper,
magazines, and receipts.
Any item or fragments of items made of metal.
Any other item or fragment of an item that does not fit into one of the 4
main trash categories listed above. Includes but is not limited to, cigarette
butts, and items made of rubber, fabric or other hybrid materials.
All material not characterized as trash. Includes sand, sediment and
vegetation.

Source: Bay Area Stormwater Management Agencies Association, 2014.
Trash and debris captured from storm drain inlets was sorted and measured by volume, weight,
and item count. As a result of this study, the BASMAA developed baseline criteria for trash
generation categories and rates seen in the figure below:
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Figure 4: Trash generation categories and associated generation rates (gallons/acre/year)
Category

Low

Moderate

High

Very High

Generation Rate
(gallons/acre/year)

<5

5-10

10-50

50-150

Source: (Bay Area Stormwater Management Agencies Association, 2014)
Municipalities used the baseline data from this research to scale and quantify their own trash
generation areas and rates. These are defined as trash management areas (TMA’s) and, “are
intended to form the management units by which trash control measure implementation can be
tracked and assessed for progress towards trash reduction targets” (Bay Area Stormwater
Management Association, 2014, p. 39). The City of Milpitas embarked on collecting baseline
trash generation data as early as 2009 but was hampered by the lack of a formal methodology for
quantification. Most information was collected from visual observations and inspections. The
2014 technical report by BASMAA provided the impetus for significant improvement to trash
generation baseline data. Utilizing the report, Milpitas was able to prepare an initial 2014 trash
generation map. The data and map have been revised continually in its early renditions and
continues to evolve today as land development occurs. The Santa Clara Valley Urban Runoff
Pollution Prevention Program has served as a fundamental resource for continuous improvement
in this arena (Santa Clara Valley Urban Runoff Pollution Prevention Program, 2014c). The City
of Milpitas’ current trash generation map is included in this research (see Appendix A).
Trash load is a metric expressed as trash volume/acre/year and is equal to or less than trash
generation rates. They contrast from trash generation rates because they account, “for the effects
of control measures that intercept trash generated in an area before it is discharged to a receiving
water” (Town of Colma, 2014, p. 4). Trash loads are confined to predetermined areas because
they rely, “upon the effectiveness of control measures implemented within an area” (Town of
Colma, 2014, p. 4). Figure 5 displays the difference between trash load and generation.
17

Figure 5: Conceptual model of trash generation, interception and load

Source: (Town of Colma, 2014)
In following the MRP requirements for trash load reduction, each municipality may use
whatever trash control method it deems appropriate. In addition to the application of TCD’s,
agencies may deploy practices such as street sweeping, solid waste inspection programs,
homeless response teams, free junk removal programs, or illegal dumping response teams. In
many jurisdictions, legislative action that prevents the commercial distribution of single-use
plastic carry bags and Styrofoam food containers has been enacted. The MRP does not dictate
what trash control methods are applied, but merely that the total trash load requirement goal be
met. For some agencies, the maintenance associated with TCDs beyond the minimum required
thresholds may be cost prohibitive, or the location of a device not feasible from a design
standpoint.
Section 10 of the MRP required the city to meet the following trash load reduction
requirements:
•

70% reduction in trash load by July 1, 2017

•

80% reduction in trash load by July 1, 2019

•

100% trash load reduction or “no adverse impacts” by July 1, 2022 (Santa Clara
Valley Urban Runoff Pollution Prevention Program, 2022b, n.p.).

In 2016, permittees were advised to pursue a 60% trash load reduction, although this was
not a requirement. Its purpose served to guide permittees in anticipation of the 2017 deadline.
“Permittees shall implement trash load reduction control actions in accordance with the following
18

schedule and trash generation area management requirements, including mandatory minimum full
trash capture systems, to meet the goal of 100 percent trash load reduction or no adverse impact to
receiving waters from trash by July 1, 2022” (California Water Boards, 2015, n.p.).
The most direct method is to provide physical barriers to the trash entering the storm drain
system, known as TCDs. These devices catch and hold solid waste and must be manually cleaned
out seasonally to keep them as empty as possible, so storm water can flow efficiently into and
through the storm drain system (Santa Clara Valley Urban Runoff Pollution Prevention Program,
2022d). This research focuses on TCD programs by co-permittees and their performance relative
to contributing towards the 100% trash load reduction requirement. In order to meet these
obligations, agencies have developed robust plans for the design, installation, operation, and
maintenance of trash capture devices. They also have developed alternative trash management
actions and other best management practices to meet the 100% target goal.

Storm Drain Systems and TCDs
Storm drain systems are complex infrastructure designed by licensed engineers and
constructed by qualified contractors. Their intended design is to carry stormwater through a
network of underground conduits to a designated point of discharge. Engineers select a design
storm to calculate the required size of facilities that convey, store, or treat runoff (City of
Milpitas, 2005). A design storm is selected based on probability of occurrence, while factoring in
any regulatory standards, which may include precipitation intensity, duration, and any other
hydrological factors (Santa Clara Valley Urban Runoff Pollution Prevention Program, 2022b).
Stormwater can enter these systems through roadway gutters and inlets, bioswales, parking lots,
parks and private property.
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Each region in California possesses unique natural characteristics as they relate to
topography, geography, climate, geology, and habitat. Municipalities are responsible for
considering these factors when designing the technical criteria for infrastructure within their
purview. Agencies assume the risk and liability for the maintenance and operation of these
systems and associated appurtenances.
Storm drain systems can be constructed from a wide variety of material, including brick,
concrete, metal, and high-density polyethylene pipe. The cross section can consist of various
shapes, yet the most common are square, round, rectangular, trapezoidal, and oval. In California,
most storm drain systems operate by gravity flow or pump systems. Catch basins are inlets to the
storm drain system designed to capture solid waste items before they are transmitted into a storm
drain. These receptacles are designed to be opened and cleaned by removing a grate or perforated
cover. This infrastructure is the primary vehicle by which trash pollution can ultimately end up in
ocean waters.
As previously described, TCDs are a method for intercepting trash pollution before it enters
storm drain water conveyance systems. The MRP requires permittees to, “maintain a mandatory
minimum number of full trash capture devices, to treat runoff from an area equivalent to 30
percent of retail/wholesale land area, as documented by the Association of Bay Area
Governments, which drains to the storm drain system within their jurisdictions” (California Water
Boards, 2015). Exemption status from this requirement is available to a permittee if one of these
conditions is met:
•

Less than 12,000 and retail/wholesale land less than 40 acres

•

Population less than 2000 (California Water Boards, 2015).
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Appendix B displays a table, “containing the minimum amount of drainage areas that must
be treated with full trash capture devices by each city or county Permittee, and the minimum
number of trash capture devices required to be installed and maintained by flood management
agency permittees” (California Water Boards, 2015, n.p.). The SWRCB maintains responsibility
for certifying trash capture devices, while promoting treatment designs that have multiple
environmental benefits, such as capture, reuse, treatment, and/or infiltration of stormwater runoff.
Agencies are permitted to submit a device for certification if it meets the minimum design criteria
for capturing trash and reducing pollution. The process is rigorous, and the State Water Board
Executive Director reserves the right to de-certify any device.
The requirements to be classified as a full trash capture device are: “Any single device or
series of devices that traps all particles retained by a 5 mm mesh screen and has a design
treatment capacity of not less than the peak flow rate resulting from a one-year, one-hour, storm
in the sub-drainage area or designed to carry at least the same flow as the storm drain connected
to the inlet” (California Water Boards, 2015, n.p.). Despite no mention of a specific size
requirement being stated, “The device(s) must also have a trash reservoir large enough to contain
a reasonable amount of trash safely without overflowing trash into the overflow outlet between
maintenance events” (California Water Boards, 2015, n.p.). There are currently 25 types
classified as catch basin inserts and other devices. Technically, these are described as connector
pipe screens and media filters. Another 16 types of devices are classified as high flow capacity
trash devices, which include hydrodynamic separators, gross solids removal devices, and trash
nets (California Water Boards, 2022).
Catch basin inserts are devices which are typically installed at an interception point at the
storm drain inlet, while the latter high flow capacity trash devices are reserved for open
21

waterways with high velocity flows (California Water Boards, 2020b). Figure 6 provides one
example of a TCD design that includes a street level grate to keep larger debris out of the catch
basin, and an insert that further filters small items that get through the grate. The size of the mesh
in the insert determines the size of the material that might escape into the storm drain system.
While smaller mesh eliminates smaller debris from the system, it also impedes the flow of water
passing through the grate and could cause intersection flooding in larger storms. When flood
events occur, it is common for municipalities to increase the frequency of cleaning events as a
precaution. Inserts are also available to filter oil and other pollutants (Oldcastle Infrastructure,
n.d.).
Figure 6: Catch basin insert example

Source: (Oldcastle Infrastructure, 2022)
There is no “one size fits all” method for effective stormwater management and pollution
prevention. Municipalities take a holistic approach and deploy measures based upon their budget,
resources, and physical variables. They do so with guidance from regulatory bodies while relying
on their own SMPs to prescribe a multi-year strategic approach. “This approach takes into
account the effectiveness of each stormwater practice, the costs of each practice, and resulting
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overall cost and effectiveness rather than looking at each practice in isolation” (US
Environmental Protection Agency, 2021b, n.p.). The datasets in this research are reflective of this
practice as there appear to be anomalies upon initial review. Some cities have a significantly
higher ratio of TCD per acre served while their geographical presence is substantially smaller.
This is largely due to the minimum number of required TCD units per permittee based upon the
MRP requirements. Furthermore, this research should not infer that TCDs are the only solution
but part of the nexus between permittees and their program goals.
Regional Pollution
The San Francisco Bay Area is highly urbanized, with a population of over seven million
people (Li & Sumida, 2021). Collectively, the many sectors of the market are represented in the
Bay Area, including retail, technology, manufacturing, apparel, and electronics. The region is
attractive for a variety of reasons, including moderate weather, diversity of cultures, and a
naturally rich environment. This is true despite a relatively high cost of living. For years, state
policymakers have placed conservation, sustainability, and environmental protection high on their
agendas. Water management policies consistently strive to ensure a fresh water supply while
preserving the environment.
Stormwater flows to the bay are highly variable, but are estimated to be 12 billion cubic
meters per year from small tributaries surrounding the bay (McKee, Lewicki, Schoellhamer, &
Ganju, 2013). These small tributaries create an ideal scenario for trash pollution to enter bay
waters. The term “trash” encompasses a wide variety of material, organic and inorganic. In some
instances, some of these items take hundreds of years to fully degrade. “Marine debris is defined
as any persistent solid material that is manufactured or processed and directly or indirectly,
intentionally or unintentionally, disposed of or abandoned into the marine environment” (National
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Oceanic and Atmospheric Administration, 2020, n.p.). “Studies conducted by 5 Gyres and the San
Francisco Estuary Institute found higher levels of microplastics contamination in the San
Francisco Bay compared to other parts of the world” (Wolfe, 2022, n.p.). This is likely because
bay waters lack circulation like open waters. Trash pollution can enter waterways and create a
multitude of issues. It can impact water quality, harm plants, damage aquatic wildlife, and alter
entire ecosystems. It is not a coincidence that most trash pollution in water environments
originates from land-based activities (US Environmental Protection Agency, 2020).
Social impacts from water trash pollution can be detrimental to entire populations,
“Aquatic trash can also have negative impacts on recreation, tourism, and the economy” (US
Environmental Protection Agency, 2022c, n.p.). Frequently, local governments absorb the
economic cost of mitigating the impacts. “A 2009 study by Keep America Beautiful found that
the U.S. spends about $11.5 billion per year to clean up litter” (US Environmental Protection
Agency, 2022c, n.p.). These figures are significant because they impact an already strained public
service sector and reduce available funding for other infrastructure improvements.
Trash pollution has negative environmental consequences, yet also creates social and
economic impacts as it presents health and safety risks. While all types of trash pollution in
aquatic environments cause harmful effects, plastic materials are of the highest concern because
of their ability to persist in the environment long after their useful life cycle as a product or
commodity. In 1907, the first synthetic plastic material was invented. Mass production emerged
in the 1950’s and has grown exponentially over the past few decades. “Global plastic has surged
in production surges from 2 million tons by 1950–381 million tons by 2015 and is estimated to
reach 33 billion tons by 2050” (Ritchie & Roser, 2018, n.p.). “Approximately 14 million tons of
plastic end up in the ocean every year and plastic debris is currently the most abundant type of
litter in the ocean constituting up to 80% of all marine debris found from surface waters to deep24

sea sediments” (Ritchie & Roser, 2018, n.p.). These small fragments produce what is termed
microplastic pollution.
Microplastics include a large variety of plastic materials with their own unique
characteristics. Microplastics are tiny pieces of plastic smaller than 5 millimeters (Gilbreath,
2019). In one 2019 report, experts estimated that seven trillion microparticles of plastic ranging
from 1.3 to 30 microparticles per liter enter San Francisco Bay waters annually solely through
stormwaters (Gilbreath, 2019). Plastic in trash has the potential to contaminate not only natural
water bodies, but also artificial types, such as irrigation. One study found that plastic material
accounted for 52% of trash surveyed in its irrigation system (Sulaeman &Sudarmadji, 2018).
Policymakers are combating this plastic trash pollution through efforts such as resolutions
or ordinances aimed at reducing its overall use. In response, the City of Milpitas has introduced
an ordinance aimed at reducing plastic use and waste. “As of January 1, 2016, all grocery and
retail stores will no longer be allowed to provide plastic carryout bags at checkout” (City of
Milpitas, 2015, n.d.). Retailers are permitted to supply a paper bag, but it must consist of 40%
post-consumer recycled content. Future research can potentially measure what impact this policy
has to citywide trash pollution reduction efforts.

Encampments
It is estimated that Santa Clara County has a homeless population of approximately 9,706,
according to the Santa Clara County Office of Supportive Housing (Santa Clara Valley Urban
Runoff Pollution Prevention Program, 2022). While the issue is well publicized, it presents
challenges to policymaking, as it is politically a sensitive issue. Examples where homeless
individuals may reside include streets, parks, vehicles, bridges, or congregated encampments.
Encampments have the capacity to greatly contribute to waterway pollution simply because the
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inhabitants lack central trash collection points or access to receptacles that are regularly emptied.
Furthermore, the location of most encampments is not practical for inclusion on some sort of
traditional trash collection “route.”
In some cases, inhabitants collect items discarded in other trash receptacles. When this
occurs, the trash is once again reintroduced to the open environment with a high probability of it
contributing to pollution in some fashion, through burning or abandonment. Instruments for safe
waste disposal of contaminated materials are not readily available in most jurisdictions, and often
these items are left in public right of way areas, which compounds the issue.
When precipitation occurs, the probability increases that floating trash pollution may be
transported by gutters carrying flows which ultimately enter storm drain inlets. Locally, this issue
has been exacerbated by substantial increase in homeless population (Office of Santa Clara
County, 2022). As policymakers grapple with this ongoing social issue, new reporters claim that,
“garbage and human waste from homeless camps pouring into rivers and creeks are creating a
pollution problem in the South Bay” (McSweeney, 2016, n.p.). In 2019 the EPA reported that
“California is failing to protect its waters from pollution, partly because of a worsening problem
with homelessness in large cities such as Los Angeles and San Francisco” (McSweeney, 2016,
n.p.). While ratcheting up pressure for California policymakers to act, the EPA is demanding that
the state improve its infrastructure and meet federal CWA requirements in areas being impacted
(McSweeney, 2016). In response, agencies are enhancing their response to the homeless crisis.
The effects of illegal encampments are not exclusive to this region and are impacting cities across
the nation as they face similar social issues. In Portland, Oregon one encampment generated
1,003 complaints, 10 fires, and $18,347 in clean-up costs over a two-year period (Iboshi, 2022).
“Neighbors worry the failure to appropriately dispose of garbage, biohazards and illegal
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substances could contaminate the ground and water through stormwater drainage systems”
(Iboshi, 2022, n.p.). Despite efforts to provide temporary shelter and other support networks,
agencies continue to combat this issue at all levels of local government. Through partnerships
with local law enforcement, agencies resort to “evicting” illegal encampments from public rights
of way. The process sounds seamless, yet the reality is that there are considerable legal
requirements for posting evictions in advance, the storing the possessions of those evicted by the
administering agency, and various stakeholder coordination requirements. The homelessness
issue is complex and dynamic, with various viewpoints on how to address the dilemma.
Meanwhile, trash pollution continues to originate from these areas at unprecedented levels.
Creative and bi-partisan policies must be enacted to reduce the environmental impacts from trash
pollution generated at these sites.

Public Outreach
The origins of trash pollution in waterways are difficult to track and assess. The EPA,
“addresses water pollution by regulating point sources that discharge pollutants to waters of the
United States” (US Environmental Protection Agency, 2022b n.p. In the context of this research,
this pertains to municipal storm drain systems with the NPDES as the vehicle for regulation. One
challenge is that most pollution originates from non-point sources, which are unregulated and
managed through best management practices (BMP). Since these BMP’s are frequently
performed on a voluntary basis, and without regulation, one can assume that they are often
neglected or not fully executed.
As legislation for water management and regulation in California has evolved, so have
campaigns to raise public awareness regarding water quality. Public agencies remain at the
forefront of these collaborative efforts. “One of the main goals at the State Water Resources
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Control Board is to reach out and educate the general public about water quality issues, and water
pollution prevention” (US environmental Protection Agency, 2018, n.p.). The SCWRB sponsors,
produces, or supports over two dozen different initiatives aimed at promoting public awareness of
water quality and pollution. California Coastal Cleanup Day is an event organized by the
California Coastal Commission. The goal is to have the public voluntarily participate every
September in a statewide litter collection (California Coastal Commission, 2019). Since its
inception in 1985, the organization has expanded its efforts to inland areas along waterways and
collected over 17,000,000 pounds of solid waste (California Coastal Commission, 2019).
Regionally, municipalities focus on more localized trash mitigation efforts, including
fliers, pamphlets, brochures, radio, television, seminars, school presentations, and civic group
engagement. Additionally, jurisdictions with authority over a storm drain system often install a
warning near storm drain inlets in painted stencil or with a marker indicating that solid waste
ultimately flows to the bay. Despite these efforts, research from solid waste accumulation along
coastal areas and oceans indicates more outreach is needed to influence change in public behavior
that creates water pollution.
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Literature Review
Stormwater Pollution Impacts
Researchers widely acknowledge that trash pollution is detrimental to the environment
and wildlife. As storm waters reach their destinations, the impacts are felt not just in ocean waters
but also along coastlines and beaches at the point of discharge. For humans, particularly
vulnerable populations, the toll can be enormous. Refuse in storm drains can lead to the
accumulation of bacteria and viruses that pollute local water sources that people use for bathing
and laundry. “It is estimated that 24% of global deaths and 28% of deaths among children under
five are due to preventable environment-related causes, including respiratory infections, diarrheal
illnesses, and vector-borne diseases” (Turner, Powell, Finalle, Westmoreland, Osterhoudt,
Paulino, & Lowenthal, 2021).
Stormwater trash pollution continues to rise. Environmental experts have learned that the
issue extends far beyond ocean waters. In addition to environmental havoc, the pollution can
cause lasting impacts to the human population. In one study, “Researchers from the
environmental advocacy group Environmental Working Group estimated that the contaminants
found in public water systems in California could contribute to about 15,500 cancer cases there
over the course of a lifetime” (Kounang, 2019). Another study found that California coastal
waters, fed from storm drain systems, are a major source of fecal indicator bacteria and pathogens
(Dorsey, 2009). One study identified toxicity from insecticides observed 20km from its entry
point in urban areas into natural habitat (Weston, Chen & Lydy, 2015).
Various studies have been conducted establishing a correlation between trash pollution in
water and human health impacts. As trash pollution enters storm drain systems and discharges
into ocean waters, it becomes part of that environment and can inadvertently become by ingested
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by humans through the consumption of seafood. Researchers indicate that, “Microplastics have
been shown to be ingested by several commercial sea species, such as mussel, oyster, crab, sea
cucumber and fish, and transferred along the food Web” (Sharma, & Chatterjee, 2017, P. 21541).
As a result, humans may inadvertently consume the same particles. “The alternate ingestion of
microparticles can cause alteration in chromosomes which lead to infertility, obesity, and cancer”
(Sharma & Chatterjee, 2017, p. 21542).
Human impacts are not limited to these effects. “Every year, 3.5 million Americans
contract health issues such as skin rashes, pinkeye, respiratory infections, and hepatitis from
sewage-laden coastal waters, according to EPA estimates” (Denchack, 2022). “Water
contamination by humans is tied to failure of local urban or rural water infrastructure, including
municipal wastewater, septic, and storm water systems” (Barreras, Kelly, Kumar & SoloGabriele, 2019, p. 250). Untreated sewage has the capacity to reach storm drain systems through
waste being introduced directly into the system or from lands that convey into a storm water
conveyance system. One example is recreational vehicle owners not following proper waste
disposal methods and discharging accumulated sewer wastes into storm drains out of
convenience. One Southern California study found fecal indicator bacteria present in water
samples collected from three watersheds over the course of two summers. “Human waste markers
were present throughout each system and were entering the creeks from storm drains discharging
flow continuously during dry weather” (Sercu, Werfhorst, Murray, & Holden, 2009, p. 296). The
lack of rain during the research period is indicative of some form of human fecal bacteria
introduction into the storm water conveyance system at some point in the system.
A majority of land-based storm water runoff will end up in some type of conveyance
system to ocean waters. TCDs are designed to capture trash pollution before it reaches open
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waters, and without them the effects are detrimental for ocean waters. Despite collective efforts,
trash and debris are continuing to make their way into the environment. Plastic trash materials
remain persistent and invasive. “Plastics input into the environment through anthropogenic
sources is substantial and still increasing” (Wolff, 2018, p. 1). One example is the Great Pacific
Garbage Patch (GPGP) which was discovered in the mid-1980’s (Wehner, 2018). This collection
of waterborne trash is called a gyre. A gyre occurs when ocean currents move in a circular pattern
and trap trash and debris. (National Oceanic and Atmospheric Administration, 2021). According
to experts, the garbage accumulation is composed primarily of byproducts generated by the
fishing industry, and these materials constitute 46% of its overall mass (Wehner, 2018). While
this is a significant contribution, the rest originates from land. To further demonstrate how storm
water trash pollution contributes to this issue, “Researchers have concluded that areas like the
Great Pacific Garbage Patch are growing at a rapid rate despite pollution mitigation efforts”
(Lebreton, Slat,Ferrari, Sainte-Rose, Aitken, Marthouse, Hajbane, Cunsolo, Schwarz, Levivier,
Noble, Debeljak, Maral, Schoeneich-Argent, Brambini, & Reisser, 2018, p. 1). In this study,
Lebreton et al. (2018) used a multi-year dataset with two different quantification methods to
analyze the amount of trash in the GPGP. The first collection method involved 18 trawler ships
pulling nets to harvest trash. Specific time intervals and operating speeds were used by the ships
to ensure data collection remained consistent. The next method was a visual aerial observation by
plane using imagery equipment. The aerial surveys covered a greater area than the trawlers, with
approximately 311 km² identified. The evaluation model for this research is comprehensive and
accounts for seasonal changes, temperature, wind and ocean currents. In describing the results,
Lebreton et al. (2018) explain, “Plastics were by far the most dominant type of marine litter
found, representing more than 99.9% of the 1,136,145 pieces and 668 kg of floating debris
collected by our trawls” (p.7).
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The overall study results are consistent with other GPGP research. Furthermore, “The sea
surface environment of this oceanic region is now dominated by polyethylene (PE) and
polypropylene (PP) pieces, substantially outweighing other artificial and natural floating debris”
(Lebreton et al., 2018, p.10) The Lebreton et al. (2018) study is not the only one of its kind that
measured both surface debris and sub-surface trash accumulation. The research indicates that the
underwater mass is potentially larger than surface materials. The research presented “strong
evidence that the presence of plastic debris in the water column below subtropical oceanic gyres
is the result of ‘plastic fallout’ from debris afloat in these offshore waters” (Egger, Sulu-Gambari,
& Lebreton, 2020, p. 9).
Researchers have attempted to provide a direct correlation between homelessness and
trash management by evaluating social and economic factors. One comprehensive Los Angeles
study determined that the economic status of evaluated populations is directly correlated to trash
generation in runoff. The research involved evaluating population composition and human
activities, which was defined as land use type and proximity to waterways. Trash accumulation
from storm drain inlets was quantified, summarized and evaluated using a geographic information
system (GIS) with the various populations’ data. The findings are striking in that they confirm a
correlation between vulnerable populations and the amount of trash generation accumulated
through runoff. “Poverty-related variables were crucial factors in trash generation” (Liang, Park,
& Stenstrom, 2019, p. 416). A population’s proximity to waterways played a large role in
determining what areas of the city produced high trash amounts. “Areas with educational, health
and social services generated less trash, probably due to their awareness of environmental
problems and their influence on the surrounding people” (Liang, Park, & Stenstrom, 2019, p.
416). Other research on the matter described similar findings regarding social and economic
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causes for trash and debris origins. “Because illegal dumping and littering by the general public
are the two most widely attributed sources of land-based anthropogenic debris, research has
focused on these behaviors in particular” (White, 2013, p. 11).

Trash Capture Effectiveness
Municipalities use various technologies and strategies to address the impacts caused from
stormwater pollution. It is a challenging endeavor, as governmental bodies face obstacles related
to funding, human resources, and the influx of increased pollution. “In the United States, urban
stormwater run‐off is the third largest source of water quality degradation in bays and estuaries
and the sixth largest source of degradation for streams, as reported in national geospatial datasets,
and at least $US19.2 billion of capital investments are needed for improved stormwater
management to meet water quality requirements” (Jefferson, 2017, p. 4057).
This research measures TCD performance between peer agencies operating under the
same permit, yet research is scarce as to the efficacy of TCD strategy and deployment. One
challenge is that most research in this area yields wide results regarding TCD performance
(DeMaria, Olsztyn-Budry, Davison, 2003). Researchers attribute the variables in performance to
factors such as design, land use characteristics, geography, climate, and various other
environmental factors. “In other words, a single removal efficiency for a selected constituent may
not adequately characterize the performance that would be expected if the device were
implemented in a watershed with different runoff water quality” (Barrett, 2005, p. 85). Despite
this, experts contend that they remain attractive retrofits because of the relative ease and low cost
of installation (Walch, Cole, Polasko, Walters, Frost, DiNicola & Gneo, 2004).
While other pollution mitigation technology exists, “a TCD is a device that can be used to
remove pollutants at its source without requiring any extra land use because it is typically
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mounted within a catch basin” (Alam, Anwar, Heitz, & Sarker, 2018, p. 394). TCD technology is
continuing to evolve in many aspects and the difficulties in locating multi-year performance
research for one specific type may be because of how quickly new units are being developed.
Additionally, many factors ultimately impact individual unit performance, such as location, style,
maintenance strategy, and trash generation rates. While the initial installation costs are relatively
low, ongoing maintenance can quickly exceed this amount, sometimes within the first few years
of operation. “A city or other entity considering catch basin inserts as a component of its
stormwater management system should consider the maintenance requirements as well as the
initial costs” (Morgan, Edwards, Brye, & Burian, 2005, p. 509).
Researchers generally acknowledge that TCDs are an effective means for trash load
reduction, whether operating individually or as a part of a multi-layered BMP approach. Research
demonstrates that they are optimal for various types of pollution entering storm drain systems, not
just solid materials. One study used catch basin inserts fitted with absorbent to focus on capturing
grease and oils and improving water quality. The research evaluated the performance of four
selected devices specifically designed to capture gross pollutants, silt, sediments, oil and grease.
The research duration was relatively short, yet the equipment yielded positive performance results
as to grease and oil pollution collection and improved water quality. Most importantly, the study
demonstrates that areas with financial limitations can still yield positive results using low
technology methods for stormwater pollution control (Sidek, Basri, Noh, Ainan & Puad, 2013).
Another study analyzed the performance of TCD equipment for a year while monitoring
and evaluating its performance. In this study, researchers assessed the performance of six brands
of TCD equipment. The performance criteria are comprehensive and included the number of
replacement units needed during the research period, monitoring duration, sediment captured, and
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average sediment captured daily. All six TCDs studied over the course of the research proved
capable in collecting material except for one unit. Furthermore, “Our field observations are that
catch basin insert filter selection should carefully consider the site conditions and the purpose of
the installation” (Kostarelos, Khan, Callipo, Velasquez, & Graves, 2010, p. 1216). This research
is significant because of its duration and accounting for seasonal changes. Additionally, it
includes the number of equipment failures during the research period, which allows for an
evaluator to understand the full financial considerations for each type of TCD in the study.
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Methodology
The methodology selected for this research was the application of an outcome evaluation
as described by Sylvia & Sylvia. Specifically, it was intended to evaluate an ongoing program
through its theoretical goal, program goals, program functions, program indicators, and program
measures (Sylvia & Sylvia, 2012). The scope proposed within this research is compatible with
this methodology because the data originates from municipalities and is reported to a singular
regulatory body. The reported data produced outputs that are consistent and uniform. Sylvia &
Sylvia indicate that legislation does not always translate to easily identifiable outputs (Sylvia &
Sylvia, 2012). “Ideally, the success of public programs is measured by the degree to which an
agency’s outputs impact their environment in ways that are consistent with the intent of the
legislation that authorized the program” (Sylvia & Sylvia, 2012). The research design intended to
evaluate how effectively the City of Milpitas’ trash capture device program operates by
benchmarking their equipment performance against MRP co-permittee peers. The results were
qualified against the two primary program goals. Although quantifying trash pollution remains a
challenge, there exists a high degree of confidence in the analysis, as each permittee used the
same data collection guideline methods as established by the MRP.
The City of Milpitas’ TCD program goals are to meet the regulatory requirements for
trash reduction and enhance a safe clean environment. The first goal is accomplished by meeting
the MRP compliance requirements for trash load reductions. While many other sections of the
MRP reporting requirement exist, this research focused on performance and compliance as it
related to Section C.10 of the reported data. The second program goal is to promote a healthy and
safe environment. The accomplishment of this goal is interdependent upon other tangible
activities unrelated to this research. This research seeks to analyze whether the Milpitas TCD
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program contributes effectively towards accomplishing the overall objective of a healthy clean
environment in San Francisco Bay waters.
Data collection was obtained from reports submitted to the SWRCB through a collective
group, the Santa Clara Valley Urban Runoff Pollution Prevention Program. Data is derived from
Section C.10 of each individual permittee’s report, which is submitted annually (See Appendices
B, C, D, and E for the annual reports submitted by the City of Milpitas). “Data gathered on the
program may be analyzed singly or in comparison with data from programs of similar
organizations, or with data from program subunits that are not engaged in the program or have
implemented the program intent differently” (Sylvia & Sylvia, 2012). A comparative analysis will
be performed by generating an overall trash load reduction contribution per TCD unit.
Although the permit sections are summarized as one comprehensive report, this research
focused on compliance with the MRP through an evaluation of overall TCD program
performance. The analysis evaluated a collection of data over a four-year period. Statistical
analysis was applied to evaluate each permittee’s number of TCDs in operation, total acres served
by TCDs, acres served per TCD and percentage of total trash reduction contribution per unit. The
datasets represented a four-year period. The mean, mode and median were analyzed to determine
the performance of the City of Milpitas’ TCD program relative to its peers. Since there are some
agencies with outlier data, more detailed analysis was conducted using interquartile range
analysis. All analysis was charted for visual reference to support data result interpretation. The
following table displays the outcome evaluation for research as it related to the City of Milpitas’
TCD program.
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Table 1: Outcome Evaluation
Theoretical
Goal

Program Goal

Program
Functions

Program
Indicators

Program
Measurements

T1: Reduce
Trash Pollution
in SF Bay
Waters

G1: Compliance
with MRP
Permit
Requirements
(T1)

F1: Trash
Capture Device
Units
(G1; G2)

I1: Number of
TCDs in
Operation
(F1)

G2: Improve
Environmental
Quality in SF
Bay Waters
(T1)

F2: Alternative
Trash
Management
Actions
(G1; G2)

I2: Total Acres
Served by TCDs
(F1)

M1: TCD
Contribution to
Total Trash
Reduction
Compliance
(I1; I2; & I3)
M2: Percentage
of Trash
Reduction per
TCD unit
(I1; I2; & I3)

I3: Acres
Treated per TCD
Unit
(F1)
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Findings
This section provides illustrative charts and tables depicting the data collected for this
research. The datasets include fiscal years 2017 to 2021 (FY 17-21) and are collected from
twelve MRP permittees. The MRP includes fifteen participants, yet three have no reportable data
for the Section C.10 portion of the permit. They have been omitted from this research to prevent
their outlier data from skewing the analysis. Table 2 depicts the MRP participants and their
reported data by fiscal year. The left column lists the reporting agencies in alphabetical order, and
the datasets are organized in a similar format to the C.10 table template of an actual MRP report.
The first three columns with data in italics are the reported data for each respective agency. This
includes the total number of TCDs in operation, the total acres served by TCDs, and the TCD
contribution to 100% total trash reduction. Two columns computed based upon the datasets:
•

Acres treated per TCD unit

•

Percentage of total trash reduction per TCD unit
Acres treated per TCD unit refers to the total acreage served, divided by the number of

TCD’’s in operation. The percentage of total trash reduction per TCD unit is the amount of
contribution that each TCD unit generates towards overall reduction goals. A mathematical
example is:
TCD Contribution to Total Trash Reduction (%) / Acres Treated per TCD Unit =
Percentage of Total Trash Reduction per Unit
The following tables and figures illustrate the findings as derived from the datasets.
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Table 2: 2017/18 MRP Permittee Reported Data
Fiscal Year

MRP Permittee

2017/2018

Total
Number of
TCDs in
Operation

Total Acres
Served by
TCDs

TCD
Contribution
to 100%
Trash
Reduction
(%)

Acres
Treated per
TCD Unit

% of Total
Trash
Reduction
per TCD
Unit

City of Campbell

45.0

286.1

33.6

6.36

5.28

City of Cupertino

141.0

206.7

20.7

1.47

14.12

City of Los Altos

10.0

136.9

61.1

13.69

4.46

Town of Los Gatos

38.0

81.8

17.1

2.15

7.94

City of Milpitas

95.0

872.9

52.0

9.19

5.66

City of Mountain View

28.0

381.1

8.9

13.61

0.65

City of Palo Alto

11.0

184.9

5.0

16.81

0.30

City of San Jose

139.0

9691.0

38.9

69.72

0.56

City of Santa Clara

478.0

1167.4

41.2

2.44

16.87

29.0

948.2

13.3

32.70

0.41

4.0

13.9

15.9

3.48

4.58

176.0

1368.7

27.6

7.78

3.55

County of Santa Clara
City of Saratoga
City of Sunnyvale

Source: Fiscal Year 2017-2018 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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Figure 7: 2017/18 Percentage of Total Trash Reduction per TCD Unit

2017/18
18.00
16.87
16.00

14.12
14.00

% of Total Trash Reduction per TCD Unit

12.00

10.00

7.94

8.00

6.00

5.66

5.28

4.58

4.46
4.00

3.55

2.00
0.65

0.30

0.56

0.41

0.00

Source: Fiscal Year 2017-2018 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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Table 3: 2018/19 MRP Permittee Reported Data
Fiscal Year

MRP Permittee

2018/2019

Total
Number of
TCDs in
Operation

Total Acres
Served by
TCDs

TCD
Contribution
to 100%
Trash
Reduction
(%)

Acres
Treated per
TCD Unit

% of Total
Trash
Reduction
per TCD
Unit

City of Campbell

58.0

327.6

39.6

5.65

7.01

City of Cupertino

148.0

216.1

25.0

1.46

17.12

City of Los Altos

10.0

136.9

61.1

13.69

4.46

Town of Los Gatos

38.0

81.8

17.1

2.15

7.94

262.0

1181.3

68.8

4.51

15.26

City of Mountain View

31.0

1302.2

27.7

42.01

0.66

City of Palo Alto

11.0

248.3

8.3

22.57

0.37

City of San Jose

145.0

12924.0

46.2

89.13

0.52

City of Santa Clara

590.0

1938.3

44.8

3.29

13.64

29.0

974.6

15.1

33.61

0.45

4.0

40.5

21.6

10.13

2.13

176.0

1368.7

27.6

7.78

3.55

City of Milpitas

County of Santa Clara
City of Saratoga
City of Sunnyvale

Source: Fiscal Year 2018-2019 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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Figure 8: 2018/19 Percentage of Total Trash Reduction Per TCD Unit

2018/19
18.00
17.12

16.00

15.26

13.64

14.00

% of Total Trash Reduction per TCD Unit

12.00

10.00

7.94

8.00
7.01

6.00
4.46
4.00

3.55

2.13
2.00
0.66

0.37

0.52

0.45

0.00

Source: Fiscal Year 2018-2019 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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Table 4: 2019/20 MRP Permittee Reported Data
Fiscal Year

MRP Permittee

2019/2020

Total
Number of
TCDs in
Operation

Total Acres
Served by
TCDs

TCD
Contribution
to 100%
Trash
Reduction
(%)

Acres
Treated per
TCD Unit

% of Total
Trash
Reduction
per TCD
Unit

City of Campbell

58.0

327.2

44.0

5.64

7.80

City of Cupertino

148.0

216.1

31.0

1.46

21.23

City of Los Altos

21.0

165.9

82.0

7.90

10.38

Town of Los Gatos

38.0

81.8

21.0

2.15

9.76

272.0

1176.3

69.0

4.32

15.96

City of Mountain View

31.0

1302.0

28.0

42.00

0.67

City of Palo Alto

11.0

248.3

9.0

22.57

0.40

City of San Jose

135.0

12924.0

49.6

95.73

0.52

City of Santa Clara

580.0

1946.9

53.0

3.36

15.79

43.0

1012.9

16.3

23.56

0.69

4.0

40.5

28.0

10.13

2.77

176.0

1368.7

33.0

7.78

4.24

City of Milpitas

County of Santa Clara
City of Saratoga
City of Sunnyvale

Source: Fiscal Year 2019-2020 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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Figure 9: 2019/20 Percentage of Total Trash Reduction Per TCD Unit

2019/20
25.00

21.23

% of Total Trash Reduction per TCD Unit

20.00

15.96

15.79

15.00

10.38
9.76

10.00
7.80

5.00

4.24
2.77

0.67

0.40

0.52

0.69

0.00

Source: Fiscal Year 2019-2020 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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Table 5: 2020/21 MRP Permittee Reported Data
Fiscal Year

MRP Permittee

2020/2021

Total
Number of
TCDs in
Operation

Total Acres
Served by
TCDs

TCD
Contribution
to 100%
Trash
Reduction
(%)

Acres
Treated per
TCD Unit

% of Total
Trash
Reduction
per TCD
Unit

City of Campbell

71.0

359.4

48.6

5.06

9.60

City of Cupertino

165.0

242.4

32.6

1.47

22.19

City of Los Altos

21.0

165.9

82.0

7.90

10.38

Town of Los Gatos

37.0

81.4

21.0

2.20

9.55

262.0

1189.7

71.0

4.54

15.64

City of Mountain View

31.0

1302.0

28.0

42.00

0.67

City of Palo Alto

11.0

248.3

9.0

22.57

0.40

City of San Jose

135.0

12940.0

49.6

95.85

0.52

City of Santa Clara

580.0

1954.3

53.0

3.37

15.73

County of Santa Clara

222.0

1192.6

30.0

5.37

5.58

4.0

46.7

28.5

11.68

2.44

177.0

1428.6

33.0

8.07

4.09

City of Milpitas

City of Saratoga
City of Sunnyvale

Source: Fiscal Year 2020-2021 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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Figure 10: 2020/21 Percentage of Total Trash Reduction Per TCD Unit

2020/21
25.00

22.19

% of Total Trash Reduction per TCD Unit

20.00

15.73

15.64
15.00

10.38
10.00

9.60

9.55

5.58
5.00

4.09
2.44
0.67

0.40

0.52

0.00

Source: Fiscal Year 2020-2021 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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The interquartile range (IQR) is the middle 50% range of a set of numbers. Its range spans
across the 25th to the 75th percentile and it is intended to describe the “spread” of the middle half
of a distribution. In this application, it is applied to identify the middle range of all permittee
performance. The following chart illustrates the IQR for all program participants:
Figure 11: Multi-Year Percentage of Total Trash Reduction per TCD Unit IQR Range

Source: Fiscal Year 2017-2021 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
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Table 6: Multi-Year Percentage of Total Trash Reduction Per TCD Unit
Percentage of Total Trash Reduction per TCD Unit
FY17/18

FY18/19

FY19/20

FY20/21

City of Milpitas

5.66

15.26

15.96

15.64

Lowest Value

0.3

0.37

0.4

0.4

Quartile 1 (Q1) - 25th Percentile

0.58

0.55

0.67

1.11

Median

4.52

4.01

6.02

7.56

Mean

5.37

6.09

7.52

8.06

Quartile 3 (Q3) - 75th Percentile

7.37

12.21

14.44

14.3

Highest Value (Q4)

16.87

17.12

21.23

22.19

Source: Fiscal Year 2017-2021 Program Annual Report (Santa Clara Valley Urban Runoff
pollution Prevention Program, 2022c)
Table 6 depicts City of Milpitas’ TCD performance for each fiscal year and the IQR data
of all other co-permittees. In 2017/18, the City of Milpitas’ TCD performance was within the
average range of dispersion for the dataset. This indicates that the TCDs performed within the
average performance range for all program participants. In 2018/19, Milpitas TCD performance
saw a significant increase in performance, which propelled them to the Q4 range. Only three
permittees reached this threshold, including Milpitas.
FY’s 19-21 saw similar results as the City continued to perform within the Q4 range,
which is the highest performing quartile relative to their peers. Each respective FY saw two other
permittees reach the Q4 performance range.
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Figure 12: City of Milpitas TCD Performance vs Mean of Co-Permittees Performance

City of Milpitas TCD Performance vs
Mean of Co-Permittees Performance
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6.09

7.52

8.07
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Mean

Linear (Milpitas)

Source: Fiscal Year 2017-2021 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
The mean is quantified as the sum of the values of all data points divided by the total
number of data points. In Figure 8, Milpitas has outperformed the permittee average over the
four-year span.
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Figure 13: City of Milpitas TCD Performance vs. Median of Co-Permittee Performance

City of Milpitas TCD Performance vs Median of Co-Permittee
Performance
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Source: Fiscal Year 2017-2021 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
The median is a value separating the higher half from the lower half of a dataset. It is
typically more reliable than the mean because of its resistance to outliers. In Figure 9, the City of
Milpitas outperformed co-permittees based upon the median performance over a four-year period.
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Figure 14: Multi-Year City of Milpitas Program Performance

Multi-Year City of Milpitas Program Performance
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Source: Fiscal Year 2017-2021 Program Annual Report (Santa Clara Valley Urban Runoff
Pollution Prevention Program, 2022c)
Figure 10 displays multi-year TCD performance as it contributes to total trash load
reduction efforts by the City of Milpitas. As displayed, TCDs constitute a large share of the
contribution towards the trash load reduction, and that contribution has increased year to year.
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Analysis
The data collected from all MRP participants is relatively recent and does not provide a
large historical context to measure against. Despite this, it should be noted that all MRP
permittees have made considerable progress in developing their programs and attempting to meet
target trash load reduction rates. A counterpoint to lacking historical data is that the data
collections by agencies themselves are uniform, administratively established, and pre-defined by
the NPDES program through the MRP permit. Another important factor is that each agency uses
TCD equipment from a shared list of providers approved by the state. Each permittee is also
applying the same engineering design principals and theories when selecting a location for trash
collection and projected performance. Although there were some performance outliers reflected in
the data, there is still a high degree of confidence in the data because of the equivalence in
standards, application, equipment, and engineering principals.
One limitation which impacts the analysis is a lack of existing data for pollution sources.
This applies not only to this research, but also to that of other agencies. Homeless encampment
populations play a large role in the amount of trash and debris accumulation in storm drains, yet
quantification from this source remains a challenge. With these circumstances, it is difficult to
ascertain how much this plays a role in the larger cities’ results, which inherently may host a
larger homeless population. As a result, the differences in homeless populations from one region
to another likely impact TCD performance. To reiterate from the literature review, most research
regarding TCD performance yields wide results. Future research may focus on data collection for
point and non-point source trash pollution in advance of TCD performance evaluation, so
researchers better understand the environmental conditions and composition of pollution being
captured. With this knowledge evaluators can select the best performing TCD equipment for areas
of their own which face similar conditions.
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The City of Milpitas’ first program goal in the outcome evaluation is verifying compliance
with the MRP requirements. The benchmark performance assessment confirms that not only are
the units supporting the fulfillment of the trash load requirements, but they are performing in the
top 25th percentile against co-permittees. Since the implementation of the TCD program, the
trash load reduction contribution by TCD devices has increased annually. In addition, the
program is meeting the target thresholds for trash load reduction as established by the MRP. In
2020/21, there was a slight drop in TCD performance, although this discrepancy can be attributed
to the reduction in TCD units in operation (see Appendix D and E). In 2022, the trash load
reduction requirement is targeted at 100% trash load reduction, and based upon previous
performance, there does not appear to be a constraint in meeting the requirement. One variable
that was identified through this research is that trash collection rates per TCD unit can vary by
season. This is consistent with how TCDs operate, as it is typical to time “cleaning” TCD devices
around winter months when storm waters carry more trash pollution to them.
The second program goal was to improve water quality in San Francisco Bay waters. The
findings support an overall improvement in water quality by the amount of trash and debris
captured since the advent of the TCD program. Prior to the 2017 implementation, there existed no
mechanism or equipment to prevent trash from reaching bay waters through the city’s storm drain
system. A limitation of this study lies in quantifying this through a meaningful measurement. The
annual report is indicative of the overall contribution to trash load reduction but does not clearly
define the implication from an environmental standpoint. A point of reference in future studies
may be helpful to reconcile the environmental benefits.
Another consideration is whether TCDs should be cleaned at a higher frequency. The
researcher learned that the MRP does not prescribe a specific frequency, as it is left to the
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permittee to establish. This results in permittees cleaning at various intervals. Cleaning may occur
once, twice or when the TCD reaches capacity as verified through inspection or manufacturer
recommendation. This inconsistency can greatly impact TCD performance.
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Conclusion
The City of Milpitas’ TCD program is fulfilling its permit requirements, performing
within the top 25th percentile among peers, and contributing to a healthy and safe environment in
ocean waters. Most importantly, the program has fulfilled the NPDES requirement for trash load
reductions established by the EPA. The implementation of TCDs within Milpitas’ jurisdiction is a
relatively recent strategy, as they were first installed in 2017. Despite this fact, the program and
its performance have exceeded expectations.
As new TCD units are approved by the SCRWB, installation of these units should only
enhance efficiency and improve environmental quality. Intervention strategies to control, or
mitigate, trash pollution should consist of technology and tools that are reasonable from a
financial and logistical perspective. There exists no “one size fits all” strategy for reducing trash
pollution, and future research should focus on the origination points of storm water trash pollution
to enhance trash load reduction.
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Appendix B. Minimum Full Trash Capture Unit Requirements
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